Chlamydia are Gram-negative obligate bacteria that cause a wide range of diseases in humans and animals. To assess the risk of zoonosis posed by pigs, a total of 920 serum samples were collected from pigs in 11 administrative cities in Jiangxi province, south-eastern China, and the seroprevalence of Chlamydia antibodies was investigated by an indirect haemagglutination assay. The pathogen-specific antibodies were detected in 539 (58.59 %) pigs with seroprevalence ranging from 33.33 % (Jingdezhen) to 90.91 % (Pingxiang) among different cities (P,0.05). The highest prevalence was found in pregnant sows (80.89 %, 127/157), followed by breeding boars (79.37 %, 50/63), suckling sows (77.01 %, 67/87), fattening pigs (69.32 %, 61/88) and nonpregnant sows (62.5 %, 180/288). Piglets had the lowest prevalence of 22.78 % (54/237). The seroprevalence of Chlamydia infection among different categories of pigs was also significantly different (P,0.05). These results indicate that Chlamydia is highly prevalent in pigs in Jiangxi province and our results indicate that the presence of Chlamydia exposure in pigs may pose a potential threat to human health.
INTRODUCTION
Chlamydia are obligate intracellular Gram-negative bacteria that are clinically and epidemiologically important in both human and veterinary medicine. They can cause a wide range of clinical manifestations including enteritis, arthritis, conjunctivitis, pneumonia, encephalitis, infertility and abortion in animals, as well as blindness and urogenital or respiratory symptoms in humans (Longbottom & Coulter, 2003; Rohde et al., 2010) . Exceptionally, severe disease and even death may result from chlamydial exposure (Petrovay & Balla, 2008) .
Chlamydia is a single genus in the family Chlamydiaceae and comprises nine different species (Longbottom & Coulter, 2003; Stephens et al., 2009) . Four of these species have been described in pigs: Chlamydia suis, Chlamydia pecorum, Chlamydia abortus and Chlamydia psittaci (Rohde et al., 2010; Schautteet & Vanrompay, 2011) . Currently, pigs are the only known natural host of C. suis. A high degree of genetic diversity was observed in C. suis when compared with other chlamydial species. C. pecorum has been isolated only from mammals, such as pigs, ruminants and koalas, causing a wide range of pathologies. C. abortus is one of the main pathogens causing abortion in sheep in many countries, and has also been associated with abortion in pigs. Furthermore, pregnant women can be infected through contact with animals infected with C. abortus, as it is also a zoonotic pathogen (Schautteet & Vanrompay, 2011) . C. psittaci is another zoonotic pathogen that poses a risk to public health.
To date, studies concerning Chlamydia infection in pigs have been reported in many countries (Di Francesco et al., 2006; Eggemann et al., 2000; Schautteet et al., 2013; Vanrompay et al., 2004) , and several studies have reported the seroprevalence of Chlamydia infection in pigs in central and southern China (Xu et al., 2010; Zhang et al., 2013; Zhou et al., 2008) . Limited information is available in south-eastern China, and there are many farms producing pigs in this region. This study aimed to investigate the seroprevalence of Chlamydia infection in pigs in Jiangxi province, south-eastern China. The results were expected to provide baseline data for prevention and control of Chlamydia infection in swine in this area. typical humid subtropical region, is one of the major pork-producing areas in China. Located adjacent to the Yangtze River Delta and the Pear River Delta, Jiangxi has advantageous geographical conditions, with a large number of the pigs sold to the Shanghai Municipality and the Hong Kong Special Administrative Region for consumption.
Serum samples. Between January and December 2012, a total of 920 blood samples were collected from pigs distributed in 11 administrative cities of Jiangxi province. These pigs were raised intensively and selected randomly for the study. Biometric data referring to category and geographical origin of pigs were recorded. Blood samples were transported to the laboratory, kept at room temperature for 2 h, centrifuged at 3000 g for 10 min and the clear serum separated. The obtained serum samples were stored at -20 uC until further analysis.
Serological examination. An indirect haemagglutination assay (IHA) was used and a commercially available IHA kit (Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences) was purchased to determine Chlamydia-specific pig antibodies. The serological examination was carried out according to the manufacturer's recommendations and previous descriptions (Cong et al., 2013; Wu et al., 2013; Zhang et al., 2013) . IHA is known as a sensitive and specific technique for the examination of Chlamydia antibodies and has been used widely in serological investigations of several animals in China (Cong et al., 2013; Wu et al., 2013; Zhang et al., 2013; . Positive, negative and blank controls were performed in each test. The examined serum samples were judged as positive when layers of agglutinated erythrocytes formed in the wells of 1 : 16 or higher dilutions. Those sera that showed dubious results were picked out for a retest.
Statistical analyses. Differences in the seroprevalence of Chlamydia in pigs of different geographical origins and categories were analysed with x 2 tests using SPSS software (SPSS Inc., version 19). The cut-off for statistical significance was P,0.05.
RESULTS AND DISCUSSION
Chlamydia infection can result in a broad range of diseases in both humans and animals, including pigs, causing health problems and heavy economic losses. However, epidemiological data regarding the distribution of animal chlamydiosis in China are scarce. This study aimed to estimate Chlamydia seroprevalence of pigs in this region. Blood samples were collected from pigs in Jiangxi province and specific antibodies to Chlamydia were detected in 539 (58.59 %) out of 920 serum samples by IHA at a 1 : 16 cutoff. The positive samples were distributed among all 11 administrative cities with the prevalence ranging from 33.33 % (Jingdezhen) to 90.91 % (Pingxiang) with statistically significantly different prevalences between cities ( Table 1) . The prevalence in different categories of pigs ranged from 22.78 to 80.89 %. The highest seroprevalence was found in pregnant sows (80.89 %, 127/157), followed by breeding boars (79.37 %, 50/63), suckling sows (77.01 %, 67/87), fattening pigs (69.32 %, 61/88), nonpregnant sows (62.5 %, 180/288) and piglets (22.78 %, 54/ 237). The difference in prevalence was statistically significant among different types of pigs (P,0.05) ( Table 2 ).
Several studies have reported Chlamydia prevalence in pigs in various geographical regions. Studies have reported an overall 63.6 % seroprevalence of Chlamydia among wild boars in Italy (Di Francesco et al., 2011) , and 95.83 % prevalence in pigs from the major pig-producing areas of Sweden (Englund et al., 2012) , by PCR. The overall seroprevalence of Chlamydia in pigs in Jiangxi was 58.59 %, which was lower than that in Sweden and Italy but higher than that detected in other provinces in China. For example, Zhou et al. (2008) used IHA and detected an overall 27.71 % seroprevalence of Chlamydia among pigs in Fujian province and Li (2005) (Suo et al., 2005) .
In comparison, the overall seroprevalence of Chlamydia infection in pigs in Jiangxi province was much higher than that in other provinces in China (Li, 2005; Suo et al., 2005; Zhang et al., 2013; Zhou et al., 2008) . The differences in the seroprevalence of Chlamydia exposure in pigs in different provinces could be related to differences in ecological and geographical factors such as temperature, rainfall or landscape differences. Sanitation, husbandry practices and animal welfare in pig production could be other reasons for the variation. The high sensitivity of the serological methods used to determine Chlamydia prevalence may also be a factor contributing to the observed differences.
In this study, we also found that the prevalence was diverse in different types of pigs. Compared with piglets, the prevalence of Chlamydia infection in sows and breeding boars was much higher, as also reported in other studies (Geigenfeind et al., 2012; Li, 2005; Suo et al., 2005; Xu et al., 2010) . The relatively lower prevalence of Chlamydiaspecific antibodies in piglets may be attributed to lower exposure through better healthcare and less chance of contact with contaminated food, water or faeces, which play an important role in transmission. Among different types of sows, pregnant sows had a higher seroprevalence than suckling and non-pregnant sows, possibly due to Chlamydia acquisition through semen as described previously (Kauffold et al., 2006) . As sexually transmitted diseases, the high observed levels of Chlamydia seroprevalence in boars may increase the risk of infection of sows during copulation.
Pork is consumed widely in China for cultural and economic reasons and is highly esteemed in Chinese cuisine. Although no cases of transmission of Chlamydia from pigs to humans have yet been reported, it is presumed that persons in direct contact with infected pigs might be at increased risk. Jiangxi province is close to the Shanghai Municipality and the Hong Kong Special Administrative Region. Due to this geographical location, most of the pork is sold to Shanghai and Hong Kong, with the remainder being consumed by Jiangxi locals. The high prevalence of Chlamydia infection in pigs in Jiangxi province is therefore a public health concern, not only for local people, but also for the people living in Shanghai or Hong Kong.
The pig serum samples used in the present study were collected in Jiangxi province between January and December 2012, a relatively short period of time, so our results may not reflect the status of Chlamydia infection over longer periods. However, our results provide helpful information for future studies where it would be valuable to isolate and identify Chlamydia strains from pigs infected with chlamydiosis in Jiangxi province.
Conclusions
The results showed that Chlamydia infection in pigs is remarkably high in Jiangxi province, south-eastern China, especially in pregnant sows and breeding boars, which raises a potential public health concern because pigs may be reservoir hosts of Chlamydia infection in humans. 
